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Abstract 
The paper considers issues of enhancing the resulting stability of the meshed power supply systems containing distributed 
generation facilities under conditions of large iron and steel enterprises. An improved software suit for studying emergency and 
post-emergency conditions has been developed; it provides an opportunity to enhance efficiency of the condition control and 
power resource usage by reducing the downtime of the electric equipment and enhancing the reliability of the whole power 
supply. 
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1. Introduction
At present we are experiencing the increase of the additional power units of industrial loads within the power supply 
systems resulting in energy emergency and determining benefit of building and expanding the base of the distributed 
generation facilities at the main segments featuring concentrated load. It complicates transient emergency and post-
emergency conditions stipulating the need for study of static, dynamic and resulting stability issues. This problem is 
relevant since emergencies caused by stability loss lead to large-scale damage, outage, lost output and life hazard.  
A number of studies concern static stability, including [1] which considers special aspects of static stability under 
conditions of the industrial meshed system for generators and high-voltage motor load. 
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The issues of dynamic stability are presented in papers [2, 3] on the example of acquisition of dynamical 
characteristics of the complex load. 
Within the meshed power supply systems applying the distributed generation one of the severe accident types is a 
short circuit accompanied by switching to the operation isolated from the power system and following resynchronization. 
That is why the forecasting emergency and post-emergency conditions should be performed with development of a new 
improved algorithm of computing transient modes at occurrence of short circuits in the power supply system with 
auxiliary power plants accompanied by switching to the isolated operation with possibility of resynchronization with the 
power system.  
The performed analysis of studies dealing with estimation of the resulting stability of the electric power systems and 
systems of electric power supply of industrial enterprises has revealed the absence of the exact analytical dependencies 
which could be used for practical calculation and reflect the pattern of the transient process under way within the 
complex multi-machine system at the resynchronization; the proposed methods of asynchronous mode study are not 
useful at determining change of power balance in the power supply system and changes of the average voltage and 
frequency levels in comparison with the pre-emergency ones; methods enabling calculation of the three-phase short 
circuit with following recovery of the parallel operation within the meshed systems have also not developed yet. At 
present, there are no exact analytical descriptions of events occurring at the generator resynchronization which could 
reflect behavior details especially in the complex system. 
In connection with the above, it should be noted that in order to increase efficiency of the power resource usage and 
management of modes of the power supply systems the forecasting transient conditions and estimation of resulting 
stability at short circuits and their trips are required.  
2. Increasing efficiency of power resource management 
At the study of the resulting stability the calculation of asynchronous operation of the synchronous generators and 
high-voltage motors is essential. Analysis of the asynchronous power changes are of special interest at the computing 
transient processes accompanied by the switch of auxiliary power plants to the non-parallel operation with the power 
systems [4, 5]. At the operation being parallel with the power system the frequency is generally maintained which is 
close to the rated one; at any transient process the change of the rotor rotation frequency will be followed by generation 
(at the synchronous generators) or consumption (synchronous motors) of asynchronous power in relation to the infinite 
power unit. During short circuit rates of the generator rotors are non-uniformly increased. That is why the switch to the 
non-parallel operation after trip of the damaged element occurs with different rotation rates. Furthermore, the rate of the 
generator rotors starts changing in the result of the appearing power imbalance due to the downtime of communication 
with the power system [6]. To maintain the normal unit operation generators and electric drives should be synchronized. 
Synchronizing process provides an additional electromagnetic torque associated with presence of the asynchronous 
power. At the separate operation each generator provides its inherent power corresponding to its own rotation frequency. 
Relating to it, all other generators provide or receive some asynchronous power depending on the rate ratio of the 
considered generator pair. At the other side, the ongoing generator will also provide (receive) some asynchronous power 
related to other generators. Mutual sliding of the relevant generator related to the others is determined as follows (1): 
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Mutual sliding of other generator related to that one at issue (2): 
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where j– number of the relevant generator and Ȧ(n-1) – rate at n-1-the calculation interval. 
Under conditions considered emergency control automatics including the non-synchronous automatic restarting 
(NAR) is used for parallel operation recovery. At its operation the conditions of resynchronization of axillary power 
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plant generators take place which may be followed by great current and voltage changes in different points of the electric 
network. In the mode of non-parallel operation resynchronization may be delayed due to the significant angle deviations; 
this may result in instability of other generators of the power supply system.  
2.1. Description of the Developed Algorithm 
In order to achieve the purposes and tasks set the ingenious software suit [7] has been developed that is based on 
algorithms for computing steady-state modes with the sequential equivalent method, transient processes with the 
sequential interval method and for calculation of emergency and post-emergency conditions with the modified sequential 
equivalent method [8]. The developed software suit enables computing the following options: steady modes of the 
meshed power supply systems of different configuration, static and dynamic characteristics of consumers of different 
design, static stability with the successive charging method, dynamic stability under possible emergency situations at 
designing normal and maintenance operating configurations within the electric networks of large industrial enterprises 
with auxiliary power plants [9], transient modes at short circuits providing analysis of processes at emergency separation 
from the power system and recovery of the parallel operation. So, the software suit is designed for calculation and 
analysis of the temporal angle alteration and estimation of resulting stability at the switch to the non-parallel operation in 
order to forecast emergency and post-emergency conditions with the aim of enhancing efficiency of mode control of the 
meshed power supply systems containing distributed generation facilities.  
2.2. Example of the Program Application  
As a target of research the power supply system of the large iron and steel works containing distributed 
generation facilities, namely, cogeneration unit (CU) and electricity works (EW) has been selected.  
The considered power supply system (PSS) of the large iron and steel works is one of the biggest, so special 
approach is required in this case, since this PSS with its inherent features is an intermediate link between other PSSs 
and the power systems. To realize maintenance modes deep redundancy is provided which contributes to low 
equipment loading. At this, presence of the high power sources assists support of the voltage levels in the 
maintenance modes. Thus, maintenance works may be carried out without process flow disruption at short circuits. 
At the parallel operation of the communication substations and power system the PSS is running with the highest 
stability but voltage reduction at any communication substation results in the same effect in all nodes, Great number 
of synchronous generators with power range from 4 to 60 MW may cause mutual sweeping and instability of the 
whole system if at least one of them gets instable. Total capacity of the power stations amounts 623 MW, at this: 
cogeneration unit (CU) – 330 MW, EW – 201 MW. Presence of high power electric units within the limited 
industrial area and short communication channels between power supplies establish specific operation conditions for 
the whole electric power system at issue. There are high short-circuit powers and low residual voltages in the 
electric networks; that accounts for difficult operation conditions for relay protection and emergency automation. 
To study conditions of switch to non-parallel operation of the power stations and analyze transient modes with 
accompanying recovery the developed software suit has been applied; it provides the following calculation results 
and transient process curves with changing mutual angle alteration of the auxiliary power station generators. At the 
switch to non-parallel operation the main stability indexes are not inherent but mutual angles of generators relative 
to each other.    At the study of conditions resulting in switch of the CU station under load to non-parallel operation 
after short-circuit and following recovery of parallel operation with the power system the following results have 
been obtained: unit frequency at non-parallel operation – 50.136 Hz, voltage at the point of connection with the 
power system at the moment of NAR operation – 93 kW, after successful resynchronization – 114.81 kW, at this, 
110 kW bus short-circuit duration –0.5 s, recovery time after two cranks (Fig. 1) – 2 s.  
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Fig. 1. Generators' mutual angles relative to CU turbo-generator 3 at CU non-parallel operation under conditions of short-circuit at the switchgear 
–110 kW at tprel.trip=0.5 and trecover=2 s. 
Similar calculations and plotting generator mutual angles of the distributed generation facilities have been 
performed for other layout configurations with separation of the network sections after short circuit. For each mode 
the critical NAR operating time has been determined. 
3. Outcome summary 
The study of resynchronization conditions in the distributed generation networks has proven that the emergency 
control automatic should restart the separated network node at the rotor angle values providing the fastest generator 
synchronization and elimination of the great electrical surges of stators. At this, generators' initiation influences 
parallel operation essentially: it occurs either at zero value of the generator angle or at the angle value being equal to 
the steady one. As the calculations show, the required time moment corresponds to the angle transition through zero. 
It is due to the fact that the value of the stator current is also close to zero here. The software suit used provides 
opportunity to determine the most propitious moment for successful resynchronization, thus, to enhance stability of 
the power supply systems of large industrial enterprises with the aim to reduce downtimes and improve reliability of 
the power supply system and electrical equipment as well as to increase its remaining lifetime [10]. The software 
suit is designed to estimate performance of the relay protection and automation devices in regard to the criterion of 
dynamic stability maintenance at three-phase short-circuits and may be applied by operative and dispatch personnel 
as a guide tool providing correct solutions. 
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